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We found an epiic ofjuvenile hypothyroidism among a population ofse-defied "don-
winders" living near the Hanford nuclear facility located in southeast Washington State. The
episode followed massive releases of 13L Self-reported data on 60 cases ofjuvenile hypothy-
roidism (<20years ofage) amongagroup of801 Hanforddownwinders arepresented, aswell as
data concerning the thyroid status of approximately 160,000 children eTosed to radioiodine
before 10 years ofage as a result ofthe 26April 1986 Chernobyl explosion in the former Soviet
Union. These children were residents of five regions nea ChernobyL T e mined by
stanadzdsre protocols o a period of5 yersrm 1991 to 1996. Th are a well-
defined group of1 hypotyism were found among boys and 92
amonggirtb Bodyburdens of 137Cs have been colatedwith hypothyroidism prevalence rates.
Onthe otherhand, the groupofjuvenile (<20years ofage) Hanforddownwindersis notarepre-
sentative sample. Most of the 77 cass ofjuvenile hypothyoidism in the Hanford group were
diagnosed from ;1945 to 1970. Howe the ratio of cases to te county population
under 20 year of age is roughly c with o l esimated mean levels ofcumulative
thyroid 1311uptk in these counts iing evidencethatjuvenile h idsm was asso
ciatedwithradiolodine exposures. Because evensubtlehypothyroidism maybeofclinical signifi-
cance in dildhood and can be treated, it may be usefil to screen for the condition in popula-
tions exposed to radioiodine fallout. Although radiation exposure is associated with hypothy-
roidism, itsexces among alout-exposedchildren has notbeenpreviouslyqtified. J4ywords:
Chernobyl, dowawinders, exposed children, 131j contamination, c311/17Cs body burden,
Hanfford, h, radiatio, rioactive fillout SH, thyrthyro d- g hor-
mone. Envir Pest p 107:303308 (1999). [(Oline 15 March 19
btp:/behpnetl.niehs.nih.gov/docs/1999/107p303-308gidsmitrb/abstracthmsl
Hypothyroidism is a potential environmen-
tal hazard associated with ingestion, physio-
logical uptake, and concentration ofradioio-
dine by the thyroid. Congenital hypothy-
roidism is well known. Acquired hypothy-
roidism in childhood (<20 years of age) is
uncommon, though dependent on natural
environmental iodine levels. Its onset is
insidious and the importance of prompt
recognition ofthe condition is related to its
association with impairment ofphysical and
mental development, as documented by the
initial findings in an exposed Marshall
Island population (1). Because hypothy-
roidism can easily and successfully be treat-
ed, its detection is clinically important.
Therapeutic high-dose radiation exposure to
the head and neck is aknown riskfactor and
the association of delayed hypothyroidism
following treatment of hyperthyroidism
with 131I has long been recognized (4.
We present dataabouthypothyroidism in
children exposed to fallout from Chernobyl
in the former Soviet Union, as well as data
abouthypothyroidism injuveniles exposed to
radioactive emissions from the Hanford,
Washington, plutonium manufacturing
plant.
Materials and Methods
Hanford area. The Hanford nuclear site in
eastern Washington State was established in
1943 as partofthe Manhattan Project. Itpro-
duced 239Pu for use in nudear bombs. The
original reactors became operational in 1944.
In 1986 it was officially revealed that there
hadbeen releases oflarge quantities ofgaseous
and particulate radionuclides, especially
between 1944 and 1952, ofwhich 131I (half-
life 8 days) was a major component. Shorter-
and longer-lived isotopes ofradioiodine such
as 1321 (2.3 hr), 1331 (21 hr), 135I (0.28 days),
and l291 (17 millionyears) were also released.
Although there is considerable uncer-
tainty about the amount of radioactivity
released, an estimate of550,000 Ci in 1945
and 166,000 Ci of1311 during 1946 through
1952 has been reported (3). The Hanford
Environmental Dose Reconstruction
(HEDR) project found strong evidence that
thyroid glands oflarge numbers ofindividu-
als, particularly children, were likely to have
been exposed to doses in the range ofseveral
hundred rad depending on where they lived
andwhatthey ate anddrank (3).
Manyresidents ofthe counties potential-
ly affected (mainly in eastern Washington,
northeastern Oregon, and Idaho-west of
the Rocky Mountains) (Fig. 1), who call
themselves "Hanford downwinders." These
citizens reported a lack of interest in their
chronic and serious health complaints and
denial ofpossible associations with radioac-
tive fallout by both their physicians and fed-
eral and state public health agencies. The
Hanforddownwinders also experienced rejec-
tion ofpossible accountability by appropriate
stateorfederal publichealth agencies.
A group of downwinders sought and
obtained support from volunteer scientists
and physicians of the Oregon Chapter of
Physicians for Social Responsibility. They,
together with local downwinders and envi-
ronmental activists, undertook this survey of
serious health problems. These downwinders
andvolunteers joined to form the Northwest
Radiation Health Alliance, which developed
a questionnaire covering personal informa-
tion, information related to likely exposure,
and a wide spectrum of health problems.
Between 1,500 and 2,000 questionnaires
were distributed through an informal net-
work of concerned downwinders (who did
not keep records ofexact numbers), followed
by a return of801 usable reports. The diag-
nosis of hypothyroidism (including year of
diagnosis) was assigned to all persons who
responded that their physicians had diag-
nosed them as having hypothyroidism and
who had been takingthyroid supplements. A
follow-up random sampling of informants
by telephone established that most of the
diagnoses had been based on blood tests and
a few had been based on breathing tests for
basal metabolic rate. Postthyroidectomy
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Figure 1. Counties around the Hanford, Washington, plutonium manufacturing plant included in the
Hanford Environmental Dose Reconstruction Project 13).
hypothyroid cases taking thyroid were
excluded from our counts.
Chernobyl area. Massive emissions of
radioiodine (including 129i, 131i, 132i, 1331,
and 1351, with halflives of 1.72 x 107 years,
8.0 days, 0.096 days, 0.875 days, and 28
days, respectively) occurred on 26 April
1986, as a result ofthe explosion of one of
the Chernobyl reactors. Emissions of many
other isotopes, such as 137Cs, also occurred,
but because ofthe short half-lives ofall but
one ofthe radioiodines, it is difficult to esti-
mate the distribution ofthyroid doses sever-
al years later. Conversely, 137Cs has a 30.2-
year half-life and shows gradients both for
ground-level contamination and for esti-
mated body burdens for individuals and
might, thus, serve as proxy for early radioio-
dine uptake. With support from the
Nippon Foundation (Tokyo) through the
Sasakawa Memorial Foundation (Tokyo),
five regional screening centers were estab-
lished in regions adjacent to the Chernobyl
plant, and each was provided with the same
equipment, protocol, and stafftraining for a
screening study ofchildren who were up to
9 years of age at the time of the disaster.
Thyroid volume was determined by ultra-
sonography and provided the basis for sta-
tistical evaluation of goiter. Goiter preva-
lence varied from 18% in the Gomel region
to 54% in the Kiev region. Whole body
137Cs burden was determined and served as
an exposure index, although it was recog-
nized that radiocesium, which follows a dif-
ferent precipitation pattern, was a poor
index of exposure to gaseous radioiodine.
The ratio of i31i/137Cs varies nonlinearly
with 137Cs concentrations. The ratio also
varies significantly between geographic
regions (4). In addition, migration of
the population could have distorted the
possible association of radiocesium with
hypothyroidism.
The plans for the Chernobyl-area study
were initiated in 1990 by the Nippon
Foundation at the request ofthe administra-
tion of the USSR. The Japanese planning
committee developed a protocol for the
study and selected the equipment for use in
screening. The screening equipment was
installed in 1991. The Chernobyl Sasakawa
Health and Medical Cooperation Project
was completed and a final conference was
held 14-15 October 1996 in Kiev, Ukraine.
The presentations and data produced were
published (5). The data include the follow-
ing: 1) the number of children studied, by
sex and age at the time ofthe explosion; 2)
the year ofexamination, 3) the place of resi-
dence, and usually the district of residence
(at the time ofthe explosion), 4) the results
of thyroid examinations by ultrasound and
by thyroid function tests, 5) the hematologi-
cal indices, 6) the results of137Cs body bur-
den estimations, and 7) the year ofexamina-
tion. The study used both standardized
equipment and protocols, thus assuring uni-
formity in the data and a high level ofquali-
ty. Hypothyroidism was defined as free thy-
roxin (T4) <10 pmol/l and thyroid-stimulat-
ing hormone (TSH) >2.9 pIU/ml as tested
by an Amerlite hormone analyzer
(Amersham, Tokyo) using an immunomet-
ric technique based on enhanced lumines-
cence. We included in our review only those
communities with two or more cases of
hypothyroidism ofeither sex.
Table 1 shows the number of individu-
als who were tested for TSH and T4 accord-
ing to sex, age, and residence at the time of
the Chernobyl accident.
Results
We present ratios of reported hypothyroid
cases per number of respondents alive dur-
ing 5-year periods, normalized per year and
per 100,000 (Table 2, Fig. 2) for Hanford
downwinders, whereas rates per 10,000
children at risk are given for the Chernobyl
population.
Hanford downwinders. Table 2 shows
the number of reported juvenile hypothy-
roid cases and all juvenile respondents
alive, in 5-year time periods during which
the condition was diagnosed, as well as
ratios per 100,000 per year in our group.
For comparison the same information is
provided for adults in our study group. Of
the 60 cases ofjuvenile hypothyroidism in
our group, 54 were females and 6 males.
Figure 2 presents the ratios from Table 2.
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The onset of hypothyroidism was strongly
associated with the years of reported maxi-
mum radioiodine releases, 1944-1949;
onset reached a maximum approximately
15 years later in juveniles, then dropped
off. The ratios for juveniles after 1960
become rapidly insignificant, perhaps due
to the decline in the number of juvenile
respondents in our group (Table 2). Most
of the juvenile hypothyroid cases were
exposed as children <10 years of age. The
ratios for adult hypothyroidism appeared
to rise more rapidly (Fig. 2), reaching a
maximum only 5 years after the heaviest
radioiodine releases, and they remained
high until the end ofour survey in 1997, as
compared to pre-1944 values. A separate
report about adult hypothyroidism in this
group is in preparation.
Table 3 shows the distribution ofcases of
juvenile hypothyroidism by county (those
induded in the HEDRstudy) (3), the popu-
lation <20 years of age, and the ratio per
100,000 population <20 years ofage for the
1950 census (6). These ratios by county are
shown in Figure 3 against the background of
isopleths of estimated cumulative 1311 thy-
roid dose (in rad) to achild from exposure to
all pathways for the years 1944 through
1951 (assuming milk came from cows on
fresh pastures) (3). Keeping in mind that
much ofthe county data are based on small
numbers of cases (Table 3), and the large
uncertainties in the estimated HEDRdoses,
there is reasonable concordance between esti-
mated thyroiddoses and the case rates.
The downwinders' questionnaire indud-
ed a question for parents as to whether their
child (or children) had reported learning
disabilities. Of 136 traceable children with-
out hypothyroidism, 37 had learning dis-
abilities. Of 10 traceable children with
hypothyroidism, 4 children had learning
disabilities, in contrast to the 2.7 expected.
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Figure 2. Self-reported hypothyroidism in a group of juvenile (<20 years of age) and adult Hanford down-
winders by 5-year periods of diagnosis. Converted to ratio per 100,000/year.
Table 1. Populationsa by age, sex, and location (region), studied by the Chernobyl-Sasakava health and
medical cooperation project, who had thyroxin and thyroid-stimulating hormone tests (5)
Gomel Zhitomir Mogilev Bryansk Kiev
Ageb Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
<1 1,390 1,400 1,657 1,691 1,581 1,492 1,092 1,107 1,682 1,651
1 1,372 1,369 1,656 1,708 1,460 1,424 1,165 1,076 1,737 1,824
2 1,285 1,324 1,693 1,785 1,436 1,423 1,254 1,114 1,890 1,839
3 1,246 1,269 1,748 1,904 1,474 1,499 1,168 1,172 1,745 1,792
4 1,139 1,273 1,606 1,835 1,394 1,503 1,188 1,153 1,609 1,700
5 948 1,079 1,659 1,800 1,348 1,463 1,086 1,061 1,505 1,715
6 728 840 1,473 1,607 1,194 1,164 1,100 1,061 1,271 1,522
7 437 472 1,159 1,441 813 878 783 905 977 1,192
8 229 295 710 1,031 518 627 578 737 490 697
9 149 182 271 439 268 360 278 463 203 318
Total 8,923 9,503 13,632 15,241 11,486 11,833 9,692 9,849 13,109 14,250
"Total number of children seen, 1991-1996.
bAtthetime ofthe Chernobyl accident.
Table 2. Diagnoses of hypothyroidism in a group of self-selected Hanford, Washington, downwinders in 5-year periods
Juveniles (<20 years of age) Adults Total
Reported Subjects Reported Subjects Reported Subjects
Period of hypothyroid alive during Ratio per hypothyroid alive during Ratio per hypothyroid alive during Ratio per
diagnosis cases period8 100,000/year cases perioda 100,000/year cases perioda 100,000/year
1938-1942 1 308 65 0 145 0 1 453 44
1943-1947 4 348 230 3 207 290 7 555 252
1948-1952 9 382 471 16 252 1,270 25 634 789
1953-1957 17 366 929 19 320 1,188 36 686 1,050
1958-1962 18 313 1,150 18 406 887 36 719 1,001
1963-1967 8 238 672 8 495 323 16 733 437
1968-1972 1 162 123 15 580 517 16 742 431
1973-1977 1 103 194 10 631 317 11 734 300
1978-1982 0 68 0 17 664 512 17 732 464
1983-1987 0 50 0 18 663 543 18 713 505
1988-1992 1 47 426 24 656 732 25 703 711
1993-1997 0 29 0 14 636 440 14 665 421
'Subjects alive are all subjects in our group alive during that 5-year period.Varations reflectthe net effect of births and deaths during thatperiod. Juveniles alive are all subjects who were <20 years of age in the
middle ofthe period.
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Figure3. Isopleths ofdosestothethyroid for a child (3) and ratio ofself-reported cases ofhypothyroidism
per 100,000 population under 20 years of age in potentially exposed counties represented in the Hanford
downwinder group (Table 3). A dash (-) in Table 3 and on the map indicates that we have no reported
cases ofjuvenile hypothyroidism fromthese counties among our group ofrespondents.
Chernobyl studypopulation. Table 4
shows the number of cases of hypothy-
roidism and rates per 10,000 for boys and
girls for each ofthe five regional screening
centers (5). The exposures in Gomel and
Zhitomir were greater than those in
Mogilev and Bryansk and lowest in Kiev
(Fig. 4). The rates ofhypothyroidism were
appreciably higher in Zhitomir and Gomel,
somewhat higher in Mogilev and Bryansk,
and lowest in Kiev. The only exception was
the female rate in Kiev, which was approxi-
matelyequal to that in Mogilev.
Using data obtained from individual
communities (Table 5), we first selected
those communities with two or more cases
ofhypothyroidism of either sex and aver-
aged the body burden estimates of 137Cs
for those communities in relationship to
frequency of hypothyroidism. Because of
its uniform availability and general stabili-
ty, we chose to represent the body burden
as the upper 75th percentile ofthe distribu-
tion. We included any community for
which there were six or more body burden
measurements. The exposure data per com-
munity are similar for boys and girls, yet
the rates for girls are mostly higher than
those for boys.
Figure 5 shows the relationship ofbody
burden of 137Cs with hypothyroidism for
boys and Figure 6A and 6B show the same
for girls. Figure 5 shows a correlation coef-
ficient of 0.71, which is significant. For
girls, even when the communities with
exposures above a mean of 60 Bq/kg are
omitted (Fig. 6B), the coefficient is only
0.35, which is nonsignificant.
Discussion
Although the self-selected nature of the
Hanford sample precludes any effort to esti-
mate the rateofincidence ofhypothyroidism
in the population in general, the large
Table 3. Self-reported cases ofjuvenile hypothy-
roidism by county in a group of Hanford,
Washington, downwinders and ratios per 100,000
ofcountypopulation <20years ofage(1950)
No. Population Ratio
of <20years per
State,county cases ofage 100,000
Idaho
Benewah 0 2,253 -
Bonner 1 5,564 18.0
Kootenai 2 8,916 22.4
Latah 0 7,179 -
Lewis 0 1,610
Nez Perce 0 7,940 -
Oregon
Deschutes 1 7,402 13.5
Gilliam 0 908 -
Morrow 0 1,703 -
Umatilla 5 14,131 35.4
Union 1 6,164 16.2
Wallowa 0 2,525 -
Wasco 1 4,917 20.3
Washington
Adams 3 2,157 139
Asotin 1 3,691 27.1
Bentona 3 7,616 39.4
Chelan 2 13,892 14.4
Columbia 0 1,620 -
Ferry 0 1,651
Franklin 0 4,684 -
Grant 1 8,740 11.4
Klickitat 2 4,328 46.2
Lincoln 2 3,733 53.6
Pend Oreille 0 2,756 -
Spokane 11 69,257 15.9
Stevens 1 7,277 13.7
Tri-Citiesb 13 15,852 82.0
WallaWalla 16 12,382 129
Whitman 7 10,750 65.1
Yakima 4 52,778 7.6
Total, HEDR areac 77 294,376 26.2
aExcluding urban areasofKennewickand Richland.
bUrban areas ofKennewick, Pasco, and Richland.
cDatafromthe TechnicalSteering Panel ofthe Hanford
Environmental Dose Reconstruction Project(3X.
number of cases, their apparent congruence
with estimated but uncertain average doses to
the thyroid for the counties ofresidence, and
their onset shordy after massive emissions of
131I suggest their description as an epidemic
phenomenonrelated toemissions of131.
We recognize that a small cluster of
cases could be the result of the diagnostic
criteria of a single practitioner, but the
spread of cases over a wide region makes
this unlikely. Although knowledge ofheavy
exposure to radioactive emissions could
have encouraged doctors to look for
hypothyroidism, the massive emission of
1311 was not admitted by the government
until 1986 and the diagnoses for the juve-
niles in our group had been made decades
earlier. The link ofjuvenile hypothyroidism
among Hanford downwinders with emis-
sions of 131I is supported by the apparent
congruence of ratios of cases per 100,000
population <20 years ofage and the rough
estimates ofthyroid doses for childrenwhen
Volume 107, Number 4, April 1999 * Environmental Health Perspectives 306Articles * Juvenile hypothyroidism in two populations
the data are examined by county. Ifthe age
distribution ofchildren who were living at
the time ofmaximal emissions in 1945 are
examined, most of them were exposed at
<10 years ofage. In fact, the only two chil-
dren who were older than 10 years ofage at
the time of maximal exposure developed
hypothyroidism very quickly in the years
between 1945 and 1947.
The Marshall Island population exposed
to the Bravo nudear bomb test on 1 March
1954 also showed an unexpected develop-
ment of hypothyroidism in children
exposed prior to 10 years ofage. According
to Cronkite etal. (8),
Anthropometric measurements...revealed that
beginning a few years after exposure, some of
the exposed children, particularly boys less than
10 years ofage, lagged in growth. Growth defi-
ciencies were the result ofhypothyroidism and
were corrected by thyroxin therapy.... In 1966
on the advice ofa panel ofthyroid experts the
exposed Rongelap (later the Ailinginae) group
were put on lifetime thyroxin therapy, in the
hope of reducing the development of thyroid
tumors.... The thyroxin treatment has not been
completely successful. Some people on therapy
developed tumors.
Although the marked excess ofthyroid
cancer in young children from the
Chernobyl area is well known, little atten-
tion has been paid to the even greater
increase in childhood hypothyroidism in
this population. Because of its scope and
standardization, the Chernobyl Sasakawa
Health and Medical Project findings indi-
cate that there is asignificant association, at
least for boys, with the range of exposures
to 137Cs. For girls, there seems to be some
protective mechanism for the upper levels
(>60 Bq/kg) ofexposure. Quastel et al. (9)
have shown a significant shift in the TSH
distribution toward higher TSH values for
girls immigrating to Israel from the more
heavily contaminated region of Gomel, as
compared to those for girls emigrating
from Kiev. However, any interpretation of
a dose-response relationship must remain
tentative, as current (1991-1996) levels of
137Cs body burden cannot be expected to
be closely related to the unmeasured
radioiodine exposures in 1986. Not only is
there no reliable estimation ofthyroid dose
available for these five regions, but the 5-
year hiatus of observations from 1986 to
1991 makes it impossible to document the
initial rise in frequency ofhypothyroidism
among the Chernobyl population, as was
observed among our group of Hanford
downwinders. Although the lack of these
important data is unfortunate, the major
strengths of the Japanese monitoring data
are the study size, the representativeness of
the samples, and the standardized approach.
Table 4. Juvenile hypothyroidism by region, community, and sex in thevicinity of Chernobyl (5)
Gomel Mogilev Bryansk Zhitomir Kiev
Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
Cases 14 27 6 7 6 10 26 39 4 9
Rate per 15.7 28.4 5.2 5.9 6.2 10.2 19.1 25.6 3.1 6.3
10,000
Gomel and Mogilev are in Belarus; Bryansk is in Russia; Zhitomir and Kiev are in Ukraine.
Table 5. Community rates (per 10,000) for hypothyroidism by sex, with estimated exposures in Chernobyl-
affected regions (5) based on body burdens of 137Cs (Bq/kg)
Community (city or
surrounding area)
Klintsy
Novozybkovskii
Remainder of Bryansk
Zlynkovskii
Gomel
Gomelskii
Rechitskii
RemainderofGomel
Borodyanskii
Brovarskii
lrpenskii
Svyatoshinskii
Mogilev
Mogilevskii
Remainder of Mogilev
Slavgorodskii
Emilchinskii
Korosten
Korostenskii
Luginskii
Malinskya
North Volinskii
Olevskii
Ovruchskii
Region
B
B
B
B
G
G
G
G
K
K
K
K
M
M
M
M
z
z
z
z
z
z
z
z
Rates
Boys Girls
9.2 9.0
0.0 14.6
(2.2)a 4.8
0.0 23.6
32.5 22.7
11.0 27.7
(11.6) 56.7
13.9 24.6
0.0 20.0
24.6 0.0
(3.5) 6.8
0.0 23.8
(1.8) 3.5
13.3 (6.8)
4.8 4.6
(36.2) 69.7
19.8 33.8
8.1 20.1
28.5 18.5
27.2 63.5
(8.8) 49.8
(6.2) 23.3
36.6 (7.5)
56.1 39.7
Estimated dose
Boys Girls
65.9 51.9
172.7 141.7
187.2 185.0
38.4 37.5
44.8 47.8
43.0 50.4
39.4 39.1
33.4 28.8
30.5 31.8
25.9 23.7
28.3 29.1
30.7 30.1
71.8 47.7
69.0 52.1
43.5 39.9
59.0 56.3
105.7 106.2
40.0 38.2
36.4 34.6
131.8 99.1
117.4 83.3
Abbreviations: B, Bryansk; G, Gomel; K, Kiev; M, Mogilev; Z, Zhitomir.
&The data shown in parentheses are based on a single case.
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Figure 4. Isopleths of 137Cs surface contamination in regions around Chernobyl. Adapted from the
International Advisory Committee(7).
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The upper normal limits ofserum TSH
used to define hypothyroidism for the
Chernobyl children (5) seem somewhat
lower than those generally used dinically.
On the other hand, no laboratory datawere
available for the group of Hanford down-
winders.
We believe that these Hanford and
Chernobyl data, along with the data from
the Marshallese study (10) and the increase
in thyroid autoantibodies found amongchil-
dren and adolescents from Belarus following
the Chernobyl accident (11), suggest that
screening tests for juvenile hypothyroidism
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Figure 5. Association of mean 137Cs body burden with hypothyroidism per 10,000 for boys near Chernobyl,
by community. 137CS is the mean of 75th percentile for all ages and all years with six or more cases
observed.
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can be beneficial among populations
exposed to radioiodine.
Conclusion
The massive emissions of1311 in 1945 from
the Hanford plutonium manufacturing
plant appear to be associated with the sub-
sequent occurrence over the next 20 years
of an epidemic ofjuvenile hypothyroidism
among children living downwind. There is
general congruence of the estimated
cumulative thyroid dose and the numbers
of cases per 100,000 juveniles by counties.
In 1945, most ofthe children were younger
than 10 years ofage. The finding ofa com-
munity rate associated with exposure for
children living near Chernobyl suggests that
for any community with large radioiodine
exposures, hypothyroidism in children is a
likely occurrence, and iffound, it can easily
be treated. Therefore, screening tests may
be beneficial forsuch populations.
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